Knowledge has accumulated as to the role of pectinase in plant disease (1, 12, 13, 14) . In this paper evidence will be presented that pectinase preparations can cause a respiratory acceleration and increase of the activities of polyphenol oxidase and peroxidase in host tissues. Uritani and Stahmann (11) showed that the peroxidase activities which increased in the diseased sweet potato tuber tissues can be separated into several different components by means of starch gel electrophoresis. Therefore, it may be reasonable to suppose that a solution to the problem of oxidative enzymes in diseased tissues will not be reached, unless the physiological meaning of the different components of peroxidase is made clear. In the present study the proteins extracted from the tissue neighboring the infected cells were fractionated ' Revised manuscript received Sept. 16, 1963 . by chromatographic and electrophoretic methods, and assayed for peroxidase and polyphenol-oxidase activities after infection by a compatible and an incompatible strain of Phytophthora infestans. The compatible strain, race 1, can successfully infect the host tissue. The incompatible strain, race 0, can invade the potato cells as well as race 1, but because the cells of the variety Kennebec has the R, gene for resistance, a marked browning occurs soon after inoculation and the infection is not successful.
Methods and Materials
Preparation of Slices. The potato variety Kennebec was used in most of the experiments. In order to obtain heavy infection of the cut surface of potato tubers, suspensions of zoospores which germinated from zoosporangia were concentrated by centrifugation at 1000 rpm for 3 minutes and inoculated onto freshly cut surfaces of potato tubers. The tubers were cut in half; one half was inoculated or treated and then both halves were kept in a dark moist cham- The method employed to extract the protein was similar to that used by Uritani and Stahmann (11). The tuber tissue (100 g) was homogenized in the Waring blendor at 70 v for 3 minutes with 100 ml of 0.05 Wi potassium phosphate buffer at pH 7.4, containing 0.7M glucose, 0.06M ascorbic acid neutralized by NaOH, and 0.002 At MgCl2. The homogenate was passed through 4 layers of cheesecloth. The filtrate was dialyzed against the same buffer for 5 hours with 3 changes of buffer, and then centrifuged at 8000 X g for 10 minutes. The supernatant was centrifuged again at 105,400 X g. The supernatant thus obtained was concentrated to onefifth its original volume by ultrafiltration (11) . It was then dialyzed again overnight against 0.01 M phosphate buffer at pH 7.4 containing 0.7 M glucose.
For the experiments on the electrophoresis, 0.4 M sucrose was used instead of glucose, and the centrifugation at 105,400 X g was done soon after extraction, and then the supernatant was dialyzed against the buffer.
For special purposes, 0.01 M Tris and succinic acid buffers at pH 7.4, containing 0.4 M sucrose, 1.0 % ascorbic acid and also 0.002 M CaCl9, or 10-5, 10-4, or 10-3 M disodium form of EDTA were used. Phosphate buffer at 0.05 M and pH 7.4 containing 0.4 M sucrose, 1 % ascorbic acid, and 0.046 M sodium cholate also was used for extraction.
Cellulose Chromatography. Diethylaminoethyl cellulose (DEAE) prepared according to Sober and Peterson (6) For the production of the gradient, 2 glass cylinders were used, one of which had half the volume of the second at the same height of liquid. The limit buffer (200 ml) in the smaller cylinder was syphoned to the bottom of the bigger one containing the starting buffer (400 ml) and mixed with a magnetic stirrer. The flow rate for elution was 50 ml per hour. The eluent was collected in 5-ml fractions. The absorption spectrum of the fractions was measured at 260 and 280 m,. Each 30 ml of the fractions was dialyzed against 0.01 M phosphate buffer at pH 7.4 and concentrated to 5 ml. These concentrated samples were used as the enzyme solution.
Starch Gel Electrophoresis. Vertical starch gel electrophoresis as described by Smithies (5) after absorbing the excess guaiacol by blotting paper.
Results
Effect of Pectinaase on 02 Uptake. It has been reported that when the potato tubers are cut into halves, the 0., uptake of the superficial cells of the cut surface is gradually accelerated and reaches the highest values after a few days. The rate of increase decreases from this superficial, outer zone toward the inner tissue. When the cut surfaces of potato tubers were inoculate(d witlh a suspension of zoospores from an incomlpatible race of P/i vtoph thlora infestans to which the tissue is resistant or treated with pectinase, the 0. uptake of the cut tissues was gre.ater than that of the untreated cut tissues (fig 1) . The pectinase preparation was obtained from the Rohm and Haas Company, Philadelphia, and w-as labeled pectinol 100 D, Mix 172. In both the cases, browning of the cut surfaces occurred. Figure 1 cytochrome C were chosen as the substrates for this purpose. Little difference was observed as to the donor specificity between the activities of the 2 peaks.
Discussion
It is well known that the activity of polyphenol oxidase increases in the tissues neighboring the infected cells (2, 8. 10, 15 ). Few attempts, however, have been made to solve the problem as to wlhy the polvphenol oxidase activity increases in such tissues. The experimenits reportedl here seem to suggest that the pectinase excrete(d by parasites may be a trigger for acceleratinig the activity of polyplhenol oxidase. The experimental results showed that the increases of polyphenol-oxidase activity cause(d by botlh the pectinase treatments and infection by the incomipatible race of P. infestaws were accomiipanied witlh tlhe iiicrease in O. uptake. No increase in polyphenol oxidase activity was found in the tissues infected witlh the compatible race of P. infestains in spite of heavv infection. In this case no browning of the cut surface tissues occurred. In There wras a imiarked increase of peroxidase activity in the superficial tissue of cut potato tuber vhere the pol phenol-oxidase activity \w-as low. Tihi. Sltg-gests that more attention should be paid to the role of peroxidase, in order to learn more of the physiological processes in diseased tissues. According to the findings by Uritani and Stahmann (11) , the peroxidase of diseased sweet potato tubers could be separated into several components by means of starch gel electrophoresis. It seems important to learn the changes of peroxidase-activity pattern in diseased potato tubers.
In the present experiments 2 peaks of peroxidase activity were found by DEAE cellulose column chromatography in the chromatogram of the supernatant proteins from potato tubers. In contrast, 6 bands of peroxidase were found by vertical starch gel electrophoresis. According to the experiments in which fractions from the DEAE cellulose chromatography of potato tuber proteins were subjected to electrophoresis on starch gel, the first peak of the peroxidase from the cellulose chromatogram included the D, E, and, F bands which migrated on electrophoresis to the cathode. The second peak contained the A and B bands which moved to the anode. The C band which moved very little did not contribute much to the second peak as described in the section of results.
The appearance of the D band depended upon the method of extraction. This band was not seen when calcium was added to the buffer for extraction, and it increased by addition of 10- 
Summary
Studies on the distribution of polyphenol oxidase and peroxidase in the potato tuber tissue neighboring the cells infected with Phytophthiora infestans were carried out.
When the tuber was cut, or was cut and infected with a compatible strain of Phytophthlora infestanis to which the tissue was susceptible, a peak of polyphenol-oxidase activity appeared in a tissue zone 0.5 to 1.0 mm below the cut surface 2 days after cutting. On the outer side of this peak the activity dropped sharply, and in the inner side it decreased to normiial levels within about 2.5 to 5 mm from the cut surface.
When the cut surface was infected with an incomiipatible race of P. infestanis to whiclh the tissue \-as resistant or wals treated with pectinase, an increased polyphenol-oxidase activity was found in the innier side of this peak which extended muclh deeper into the underlying tissue, to about 5 mm from the cut surface. No increase in polyphenol-oxidase or peroxidase activities was induced in the tissues infected by the comiipatible race to which the tissue was susceptible. In contrast, the peroxidase activity vas higlhest in the superficial tissue in all cases and (lecreased graduallv in toward the inner tissue without showing any peak. The increase of peroxidase caused by cutting, infection, or treatment with pectinase was limited to about 1.5 mmn from the cut surface.
The O. uptake of the tissues was miiore sensitive ta DIECA in the zone with the markedl increase of polyphenol oxidase following treatment of the cut surface with pectinase or infection by the parasite than in that from the cut untreated tissues. A correlation w-as found between the increase in O.2 uptake and the increase in the activity of polyphenol oxi(lase.
The supernatant proteins extracted from potato tubers were fractionated by means of DEAE cellulose chromatography and vertical starch gel electrophoresis. Some components of this peroxidase isozynme system appeared to increase more than others following cutting, infection, or pectinase treatmenit of the tubers. It is suggested that enizymes such as pectinase may play a role in inducing the increase in respiration and polyphenol-oxidase activity of planit tissue adjacent to a site of infection or injury.
